We report the need for careful selection of anti-solvents for Sn-based perovskite solar cells fabricated through the commonly used anti-solvent method, compared to their Pb-based counterparts. This, in combination with the film processing conditions used, enables the complete removal of unwanted Sn 4+ dopants, through engineering the anti-solvent method for Sn-based perovskites. Using a Cs 0.05 (FA 0.83 MA 0.17 ) 0.95 Pb 0.5 Sn 0.5 I 3 perovskite, charge carrier mobilities of 32 AE 3 cm 2 V À1 s À1 (the highest reported for such systems through the optical-pump terahertz probe technique) together with B28 mA cm À2 short circuit current densities are achieved. A champion efficiency of 11.6% was obtained for solvent extraction using toluene (an 80% enhancement in efficiency compared to the other anti-solvents) which is further improved to 12.04% following optimised anti-solvent wash and thermal treatment. Our work highlights the importance of anti-solvents in managing defects for high efficiency low bandgap perovskite materials and develops the potential for all-perovskite tandem solar cells.
Introduction
Inorganic-organic hybrid metal halide perovskites have shown great promise in realising new materials for high performing photovoltaic (PV) devices with low fabrication cost. [1] [2] [3] [4] These perovskites possess a number of unique optoelectronic properties such as high light absorption, low Urbach energies, high charge carrier mobilities and high lifetimes, possessing high crystallinity even with low temperature processing, etc. 2, [5] [6] [7] allowing for the realisation of solution processed high performing optoelectronic devices. Emerging as strong competitors for current commercial silicon solar cells, single junction perovskite solar cells (PSC) have already achieved power conversion efficiencies (PCE) as high as 24.2%. 8 Recently, Lead-Tin mixed (LTM) perovskites have gained increasing attention due to the ability of tuning the bandgap to lower energies than those possible with Pb-only perovskites, which also enables tailored absorber layers to be fabricated for use as low bandgap cells in all-perovskite tandem solar cells. [9] [10] [11] The first incorporation of Sn 2+ in Pb 2+ perovskites to fabricate a LTM planar PSC device was reported in 2014 by Jen and co-workers which yielded a PCE of 10.1%. 12 By 2018, the efficiency of single junction LTM PSCs have reached 17.6% for MA 0.4 FA 0.6 Pb 0.4 Sn 0.6 I 3 13 and MA 0.5 FA 0.5 Pb 0.5 Sn 0.5 I 3 14 perovskite compositions.
One persistent issue limiting LTM PSCs performing to their maximum potential is the instability of Sn 2+ 15,16 since Sn, is susceptible to oxidize into its more stable ionic form of Sn 4+ . Hence, Sn-based perovskites are highly sensitive to air and moisture. When in the perovskite matrix, this oxidation process is known to produce Sn vacancies which break the charge neutrality, thereby deteriorating the perovskite lattice. 17 Furthermore, the Sn 4+ ions act as p-type dopants in the perovskite film resulting in a ''self-doping process''. [18] [19] [20] These dopants play a major role in non-radiative recombination in Sn-based perovskites by acting as trap sites for mobile photo-generated charge carriers. 15, 21 Hence, reducing this oxidation process to enhance efficiencies in Sn-based PSCs has received much attention from the perovskite community. 18 Generally, the incorporation of Z50% of Pb 2+ , 16 as well as a number of additives are used in the LTM perovskite precursors to slow down the oxidation process (which can still occur even under controlled conditions) with SnF 2 being the most commonly used additive. 16, 18, 22 Addition of SnF 2 -pyrazine complexes 23 and ascorbic acid 24 as antioxidants have also been reported. Interestingly, it has been reported that the extraction of Sn 4+ from ionic mixtures for the determination of Sn 4+ content in ores, alloys and food, is most effective when benzene, xylene or toluene is used as the diluent, used along with organic ligands. 25 Incidentally, toluene is one of the widely used anti-solvents 26, 27 that enables the formation of pin-hole free absorber layers for high performing LTM perovskite PSCs, 27, 28 with other common anti-solvents being anisole, 9, 16 chlorobenzene, 29 diethyl ether, 22 etc. Despite their widespread use, the impact of these anti-solvents is less well understood, especially with regards to their impact on the Sn-based systems as means to remove undesired dopants. Based on the above insights, we report efficient removal of Sn 4+ from LTM perovskite absorber layers by careful selection of anti-solvents and optimal thermal treatment, to further enhance the performance of LTM perovskite devices using a triple-cation LTM perovskite with the composition of Cs 0.05 (FA 0.83 MA 0.17 ) 0.95 Pb 0.5 Sn 0.5 I 3 system as the absorber layer. Unlike their Pb-based counterparts, the antisolvents show a significant impact on performance in Sn-based perovskite PVs. For the LTM perovskite PVs studied here, we show that the use of toluene enables larger grain sizes, but more importantly, better removal of Sn 4+ resulting in enhancement in all the device parameters with a champion PCE of 11.62% in comparison to chlorobenzene (CB) and anisole (which are two other commonly used anti-solvents). The average PCE for toluene treated devices is improved by 480% compared to anisole treated devices, and improved by 460% in average PCE compared to CB treated devices. This is further supported by the observation of significantly lower Urbach tails and trap density when toluene is used as the anti-solvent. The charge carrier mobility of these perovskites is substantially increased by toluene treatment, reaching 32 AE 3 cm 2 V À1 s À1 , the highest reported so far with measurements based on Optical Pump -Terahertz Probe (OPTP) spectroscopy for Sn-based PSCs. Furthermore, the values achieved herein also strongly compete with those obtained for Pb only perovskites based on the OPTP technique. Following these findings, the fabrication conditions were further tuned enabling the complete removal of Sn 4+ dopants, which to the best of our knowledge, is the first report of complete dopant removal in Sn based PSCs after fabrication of the absorber layer.
Results and discussion

Surface morphological properties of LTM perovskite films
For fabrication of the perovskite films, the LTM perovskite solution with an overall concentration of 1 M was prepared (SI-1, ESI, † for details). Thin films of this solution were cast via spin coating, inside a N 2 filled glove box. 75 ml of the antisolvent (CB, anisole or toluene) was dropped 5 s prior to the end of the spinning cycle, and the coated substrates were annealed at 70 1C for 20 min inside the glove box. Upon anti-solvent dropping, the perovskite layer changes colour from yellow to red-brown signifying the formation of a rich perovskite phase ( Fig. 1(a) ).
The surface of perovskite thin films formed using the different anti-solvents were investigated through Scanning Electron Microscopy (SEM), and are depicted in Fig. 1 
The average grain sizes ( Fig. S1 , ESI †) as given by the distributions are 332.5 AE 21.1 nm for CB, 342.5 AE 29.4 nm for anisole and 387.5 AE 13.4 nm for toluene, indicating that the largest grains are formed by toluene treatment with the smallest being produced by CB. We note that these grain sizes are comparable with Pb-Sn mixed perovskites reported in literature with a similar Pb : Sn ratio. 22, 30 In optoelectronic materials (including PSCs), the grain boundaries are one source of non-radiative recombination sites that can limit device performance. 31 Therefore, the formation of larger grains through the use of toluene as an anti-solvent will decrease the grain boundary trap density. Furthermore, films formed using toluene as the anti-solvent demonstrate a more uniform distribution of grain sizes with the lowest spread of grain size data (FWHM of distribution 26.8 AE 4.3 nm) compared to the other two anti-solvents (FWHM CB = 42.3 AE 26.6 nm, FWHM ANI = 58.9 AE 36.5 nm) which suggests a more homogenous nucleation process. To investigate the effect of different anti-solvents on the bulk crystal structure of LTM, grazing incidence wide angle X-ray scattering (GIWAXS) experiments were performed on the samples. The resulting 2D scattering patterns for annealed films quenched with different anti-solvents are depicted in Fig. 1 (e)-(g). The corresponding diffraction peak positions ( Fig. S2a , ESI †) observed for (100), (110), (111) and (200) perovskite scattering planes are identified. These are in good agreement with those reported in literature for triple cation perovskites 32 and show no dependence on the anti-solvent used. In situ GIWAXS measurements were taken on as deposited films tracking the intensity of the (100) scattering peak during annealing and show that the perovskite phase is well formed prior to annealing ( Fig. S2b , ESI †). In particular, the toluene quenched sample exhibits the highest proportion of post-annealing crystallinity before annealing, indicating the perovskite phase is initially more crystalline than for either anisole or CB treatment. Orientational analysis was performed on the GIWAXS data ( Fig. S3 , ESI †) and shows comparable texture and crystallinity for all treatments with the toluene sample showing some preferential out-of-plane orientation (see SI-3, ESI, † for details).
Effect of anti-solvents in Sn 4+ removal
To identify the impact of the anti-solvent used on the removal of Sn 4+ , X-ray photoelectron spectroscopy (XPS) was carried out. The Sn 2+ metal cations are observed at binding energies 486.40 AE 0.05 eV for Sn(3d 5/2 ), 494.83 AE 0.06 eV for Sn(3d 3/2 ) which are in good agreement with values reported in literature. [33] [34] [35] Closer inspection of the aforementioned Sn peaks are observed to consist of shoulders at slightly higher binding energies ( Fig. 2(a) ) which, upon fitting with two Gaussians, were distinguished as Sn 4+ peaks with binding energies of 487.57 AE 0.03 eV for Sn(3d 5/2 ) and 496.29 AE 0.04 eV for Sn(3d 3/2 ). The results extracted from the fittings for different anti-solvents are given in Table S1 (ESI †). When considering the surface metal ion composition, the atomic ratio of Pb 2+ A(%) /Sn 2+ A(%) gives 1.08, 0.79 and 0.77 for anisole (see SI-4, ESI, † for details), CB and toluene respectively (see Table S1 , ESI †). This undoubtedly shows that while CB and toluene form nearly identical, Sn rich surface compositions, anisole treatment has formed a Pb 2+ rich surface, as depicted in Fig. 2 
(b)(black). We have calculated the Sn 4+
A(%) /Sn 2+ A(%) based on the XPS measurements for different anti-solvents which is depicted in Fig. 2 (b) (blue). It is clear that the lowest Sn 4+ content is obtained from the films formed using toluene as the antisolvent as opposed to when anisole and CB are used. This gives rise to a Sn 4+ A(%) /Sn 2+ A(%) of 0.36, 0.31 and 0.27 for anisole, CB and toluene respectively, decreasing the Sn 4+ fraction.
Next, we proceeded to study the effect of Sn 4+ extraction on the charge carrier dynamics of the films by performing OPTP spectroscopy. The presence of Sn 4+ traps in the perovskite film will act as recombination centres and in effect acts as an efficient quencher of the photo-generated electrons moving towards the ETL, through non-radiative recombination. 37, 38 When a single electron is trapped in a Sn 4+ trap the charge neutrality is not achieved as it leaves a residual positive charge on the trap. The still prevailing positive charge in the trap Coulombically attracts more electrons leading to faster trap assisted recombination. 38 The LTM perovskites, were photoexcited with a pump pulse wavelength of 950 nm with a duration of 35 fs and pump fluences between 82 and 320 mJ cm À2 . The photoconductivity decays of all three solvent-treated samples were similar (see SI-5, ESI, † for details). However, the highest photoconductivity was observed for toluene treated LTMs followed by CB then anisole at all measured pump fluences ( Fig. S5(a) , ESI †). Analysis of the scattering times (t) (Fig. 2(c) ) indicates significantly longer scattering times for toluene treated LTMs compared to the other two, especially at lower fluences. The scattering time, we believe, is a direct correlation of the Sn 4+ dopant concentration in Sn based perovkites, 36 which act as scattering sites. 36 Incidentally, these dopants are one of the major factors that hinder the charge carrier mobilities of Sn based perovskites. 17 The larger grain sizes associated with the toluene treated LTMs would also reduce scattering at interfaces, further improving the mobility. The carrier mobility (m) values ( Fig. 2(d) ), extracted from the transient THz conductivity measurement for toluene treatment was found to be on average 32 AE 3 cm 2 V À1 s À1 and the high intra-grain mobility was found to be marginally improved by toluene treatment. The average m values of CB and anisole treated LTMs were 29 AE 3 cm 2 V À1 s À1 .
All mobility values have a standard deviation of less than 10%.
These m values, to the best of our knowledge are the highest achieved so far for Pb-Sn mixed PSCs and strongly compete with Pb only perovskites, as evident from values reported for Pb-Sn and Pb perovskites based on the OPTP technique (see Fig. S5(b) , ESI †).
Impact of Sn 4+ removal in PSC device performance
To test the impact of Sn 4+ extraction, LTM PSCs were fabricated using the inverted (p-i-n) perovskite device architecture. The active area of these devices was 0.68 cm 2 and illuminated under AM 1.5G solar spectrum through a large aperture area of 0.433 cm 2 . The current density-voltage relationship ( J-V curves) for the champion device performances are depicted in Fig. 3(a) , where it is clearly evident that LTM films formed using toluene as the anti-solvent yield higher values for V oc , J sc and FF leading to higher PCE compared to the other two anti-solvents (see Table 1 ). The champion PCE of 11.62% is achieved for toluene, which is a significant improvement compared to the champion PCEs of 6.98% and 6.38% achieved for CB and anisole respectively. We note that in determining the J sc values given here for our LTM PSCs we have used the integrated current from the EQE spectra in (Fig. 3(b) ) to give a more accurate reading than those measured using halogen lamp based solar simulators. 9 Here we obtain a very high 485% EQE for toluene treated LTMs. The distribution for the calculated J sc values of LTM PSCs are given in Fig. 3(c) along with the other common device parameters, V oc ( Fig. 3(d) ), FF ( Fig. 3(e) ) and %PCE ( Fig. 3(f) ).
The results clearly indicate that toluene treatment significantly improves all device parameters (while the lowest performance is seen in anisole treated LTM PSCs). By comparison, the Pb only analogue of this perovskite does not show a considerable change in device performance depending on the anti-solvent used as described in SI-6 (ESI †). We especially note the significant improvement for the J sc , where the highest value observed is 28.05 mA cm À2 as opposed to the highest values of 22.10 mA cm À2 and 21.48 mA cm À2 for anisole and CB treated PSCs respectively. The average J sc for toluene devices; 27.59 AE 0.32 mA cm À2 , is a 32.96% improvement over anisole devices (20. 75 AE 0.93 mA cm À2 ) and 30.63% improvement over CB devices (21.12 AE 0.56 mA cm À2 ). Similar trends were observed in V oc and FF, with the average V oc of toluene devices (0.62 AE 0.02 V) being 21.57% higher than that observed for anisole (0.51 AE 0.02 V) and 12.73% higher than that observed for CB (0.55 AE 0.01 V). The average FF of toluene (0.61 AE 0.03) is 10.91% and 8.93% improved over the devices fabricated using anisole (0.55 AE 0.03) and CB (0.56 AE 0.02) respectively. The resulting average PCEs depicted in Fig. 3 (f) follow the trend, toluene (10.54 AE 0.63%) 4 CB (6.55 AE 0.36%) 4 anisole (5.82 AE 0.46%). The % improvement in average PCE of toluene treated devices is 81.10% and 60.92% compared to anisole and CB devices respectively. Furthermore, toluene treatment showed lower hysteresis in devices compared to the other two anti-solvents, as discussed in SI-7 (ESI †). These results are in good agreement with the previously discussed OPTP and XPS measurements, where toluene as anti-solvent results in more efficient removal of Sn 4+ from the surface of the perovskite film than the other two anti-solvents leading to the LTM PSCs with the highest charge carrier mobilities and highest efficiencies. In comparison, CB treated perovskites layers containing more Sn 4+ dopants have given rise to lower performing PSCs, and anisole treatment has resulted in the lowest device performance due to even higher Sn 4+ content. However, even though anisole treatment is clearly seen to be unfavourable for our LTM PSCs, the devices have somewhat comparable performances with CB treated ones. Considering the increased Sn 4+ dopants alone, anisole and CB devices could be expected to show a more noticeable difference in device performance, given that the Sn 4+ /Sn 2+ consistently decreases from anisole to CB to toluene. A possible cause for the somewhat similar behaviour for devices fabricated using CB and anisole is the relatively high quantities of Pb 2+ seen on the surface of anisole treated perovskite layers in the XPS study which may enable passivation of trap states. 39, 40 However, more specialised characterisation is required in order to identify how the increased surface Pb 2+ impacts the interface and consequently overall device performance.
To elucidate the effect of anti-solvent on the band tails (occurring as a result of localised energy states in semiconducting materials 41 ), the Urbach energies (E U ), were calculated using the EQE spectra (see SI-8, ESI, † for detailed description). The lowest Urbach energy values were observed for toluene (E U = 21.21 AE 0.03 meV) treated samples (Table 1) , attributed to the lowest band-tail defect states and higher crystalline order throughout the thickness of the sample. Anisole and CB treated LTMs gave comparable E U values of 24.58 AE 0.04 meV and 25.13 AE 0.04 meV respectively, resulting from a higher density of band tail defect states (due to the higher Sn 4+ ) in these films. We note that the absorber layers processed using the different antisolvents exhibit a similar bandgap of 1.26 eV (see SI-9, ESI †).
In order to further evaluate the impact of the Sn 4+ removal process on the solar cell performance, we analysed the dark J-V curves of LTM PSCs. Careful inspection of the dark J-V curves ( Fig. 3(g) ) at negative voltages indicates that the dark leakage current of devices fabricated using CB and anisole are higher compared to the devices fabricated with toluene (0.64 mA cm À2 , 1.32 mA cm À2 and B80 mA cm À2 at À0.1 V for CB, anisole and toluene respectively). Considering the devices' dark characteristics ( Fig. 3(h) ), different charge transport regions can be identified, namely; Ohmic transport, space charge limited current (SCLC) and trap filled limit (TFL) (see SI-10, ESI, † for full analysis). In anisole and CB treated devices, the Ohmic regime is extended, as seen by the long initial region of constant slope (m) showing the quasi-Ohmic J-V behaviour (m = 1), 42 which then gradually increases non-linearly through a region of m = 2, before reaching higher slopes expected for the TFL. Given that m = 2 corresponds to J SCLC shallow traps , it can be concluded that CB and anisole treatments have resulted in shallow traps in the LTM PSC. Considering the voltage at which anisole and CB devices transfer from the Ohmic region to SCLC region (CB = 0.21 V, anisole = 0.27 V), the more prolonged quasi-Ohmic region of anisole devices suggest a higher trap density in these devices than that of CB ones. In the case of toluene treated devices, the Ohmic region is shorter than that of the other two anti-solvent treatments, and the slope quickly transfers to a region of m 4 3 around 0.30 V followed by a prolonged region over which m E 10 (beyond 0.46 V bias). This marks the TFL region where l 4 2 of eqn (S10) (ESI †), and the trap dependent SCLC region (m E 2) is hardly noticeable in this system. This rapid transition from Ohmic to TFL regime for toluene indicates that there are a reduced number of traps in this system, which is in agreement with the previous observations for the lower Sn 4+ content (from the THz, XPS and photovoltaic device measurements). 43 V TFL increases in the order of toluene (0.30 V) o CB (0.35 V) o anisole (0.41 V) in the order of increasing trap density. 44 In the TFL region, the slopes of CB and anisole dark curves reach m E 4, which is in contrast to m E 10 of toluene. We note that the trap free region (governed by Child's law) is not reached for any of the devices within the measured electric field range. The conclusion that this behaviour is caused by the higher number of parasitic charges brought upon by Sn 4+ contamination for CB and anisole is further supported by recent literature where increased Sn vacancies were observed to give rise to a metal-like conductivity. 42 
Proposed hypotheses for Sn 4+ removal mechanisms
Based on the results discussed above, it is evident that the removal of Sn 4+ dopants from the LTM films during the fabrication process has the most significant impact on the performance of the LTM PSCs. The Sn 4+ ions produced during fabrication and originally present in the SnI 2 precursor are expected to exist in the system as SnI 4 , and we propose several hypotheses for the removal mechanisms of this compound which is detrimental to device performance. Firstly, SnI 4 is a tetrahedral molecule ( Fig. 4(a) ) which, owing to its high symmetry, is non-polar in nature. Considering the relative polarities of the anti-solvents discussed (anisole = 0.198, CB = 0.188, toluene = 0.099) it can be seen that toluene is the least polar solvent. Given the non-polar nature of SnI 4 , it should therefore be most soluble in toluene. It is also the lightest of the three anti-solvents, with a molecular weight of 92.14 g mol À1 and has the lowest boiling point of 110.6 1C compared to 108.14 g mol À1 and 155.5 1C of anisole and 112.56 g ml À1 and 131.7 1C of CB. 45 Hence, during the annealing process of the perovskite layer when the prevailing solvent is evaporated, the removal of SnI 4 dissolved in the solvent can generally be considered higher with toluene.
Furthermore, recent reports in the literature have described 6-coordinated complex formation of SnI 4 with organic ligands resulting in complexes such as [SnI 4 (C 5 H 5 NO) 2 ] and [SnI 4 {(C 6 H 5 ) 2 SO} 2 ]. 46 It has been shown in these studies that bonding occurs through coordination of electrons on the O atom of the ligand directly to the Sn centre of SnI 4 . Incidentally, the solvents used for the LTM precursor solution; DMF (C 3 H 7 NO) and DMSO (C 2 H 6 SO), which are known to act as common ligands for metal centres, 47 are of similar nature to the ligands involved in the aforementioned complexes. Therefore, it can be hypothesised that similar co-ordination is viable in the LTM perovskite with DMF and DMSO. Fig. 4(b) depicts one possible complex that can be formed via DMSO ligand. If such bonding occurs, the more polar -CO and -SO groups would participate in bonding with SnI 4 , exposing the more non-polar C-H groups away from the SnI 4 centre. It is then possible for these complexes to be solubilised in the non-polar toluene (Fig. 4(c) ) and hence be removed from the perovskite crystal, via thermal annealing.
In addition to the above, early reports in chemical research suggest the dissolution of SnI 4 via complex formation in various organic solvents. 48 Interestingly, it has been shown that with non-polar aromatic solvents such as benzene, toluene or xylene, there is a tendency for SnI 4 to form a 1 : 1 (mole ratio) complex, through the occurrence of an acid-base like interaction, where SnI 4 acts as a Lewis acid and the aromatic ring acts as the Lewis base. 48 When the basicity of the aromatic ring increases, such as through the addition of methyl groups to the ring (i.e., benzene to toluene to xylene) the strength of the complex was found to be strengthened, hence increasing the solubility of SnI 4 in the order of benzene o toluene o xylene. Considering the anti-solvents used herein, the low polarity of toluene solubilises SnI 4 more easily enabling the formation of a complex in comparison to CB and anisole. Previous work indicates that two of the SnI 4 iodine atoms participate in bonding with the aromatic group to make the SnI 4 ÁA (A = aromatic solvent molecule) complex where a line conjoining the iodine atoms lie in parallel to the plane of the ring (Fig. 4(d) ). 48 Due to the tetrahedral structure of SnI 4 , the Sn atom in the complex should be positioned directly over the six-fold centre of the aromatic group. Moreover, considering the previous reports, the formation of a SnI 4 ÁTOL complex with toluene can be suggested here, however it should be noted that the formation of this complex seems much less likely compared to the SnI 4 ÁDMSO complex hypothesised above. It is reasonable to speculate that complexing is initiated during the anti-solvent dripping stage, which is partially removed due to the high spin speed employed during the spin coating procedure. The remaining SnI 4 ÁTOL is easily removed during the annealing step, owing to the higher evaporation rate of toluene compared to the other two anti-solvents.
The removal of Sn 4+ could happen via either of the hypothesised mechanisms, or a combination of them. Further in-depth experimental and simulation studies are currently in progress for the purpose of verifying the exact mechanism for Sn 4+ removal and will be reported in a subsequent manuscript.
Solvent engineering and optimised thermal treatment for efficiency improvement
Following the understanding of this novel aspect of the antisolvent engineering process, the fabrication process was further modified to promote complete removal of Sn 4+ using toluene. This was carried out by changing physical parameters such as temperature and fine tuning the anti-solvent dripping procedure. Following recent reports on using higher annealing temperatures for FA and MA containing Pb-Sn mixed perovskites, 22, 27 we have used 120 1C as the annealing temperature for the modified system. Here we successfully facilitated the complete removal of Sn 4+ as seen in the XPS spectra depicted in Fig. 5(a) . The corresponding champion devices ( Fig. 5(b) ) showed B14% improvement in V oc , and 6% improvement on FF compared to the toluene treated champion reference device (Fig. 3 ) leading to higher PCE of 12.04%. The current density was calculated using the EQE profile for the device, shown in Fig. 5(c) . In contrast to the other device parameters, the J sc of these devices was observed to decrease. This can be attributed to the thickness variation of the LTM layer resulting from the posttreatments and Sn 4+ removal. The thickness of the absorber layer is directly related to the quantity of light absorbed by the PSC, which in turn is related to the current output from the device. Hence, further improvements in J sc are expected via optimisation of the absorber layer thickness.
